dense clumps, many of the latter being collected within distended cells. Some of the bacilli are as long as tubercle bacilli; others, particularly when clumped, are 1," or less in length and resemble cocci.
The path of entry of the infective virus is most usually that of food, infected with amniotic fluid or after-birth, representing a distinctly large dose of virus. The bedding may also carry infection, becoming contaminated with the vaginal discharges from infected cows, amniotic fluid, or foetal membranes. The males apparently act as carriers, and infection of the cow with Bacilluts abortus may take place during service by males who have previously covered infected animals or who are themselves infected and excrete the bacilli in their seminal fluid. Tissue Localization.-The causal organism can be isolated from the spleen, liver, testes, and the seminal vesicles of the infected bull; and from the spleen, liver, and the uterine discharges, as well as from the milk, of the cow. So far I have not found any record of observations on the urine. The membranes, cotyledons, amniotic fluid, and stomach contents of the infected fcetus as a rule give pure cultures.
The incubation period is obviously not accurately known, but so far as one can gather from the literature, which places it from 33 to 230 days (and it appears to be customary to include the whole of the period intervening between service and the abortion), the average time is about 126 days. A point of interest in this connexion is that the earlier the infection takes place during pregnancy the longer the abortion is delayed; if infection occurs late in pregnancy then the animal may abort within a few weeks. MEDITERRANEAN FEVER IN THE GOAT. Turning now to undulant or Mediterranean fever as it occurs in the goat, there is similarly at first no very sharply-drawn clinical picture-at any rate for many years. My opportunities for study have been limited to the infection as it occurs naturally in the Maltese Islands, where the herds are already in part heavily infected and presumably, in part, naturally immunized; and to the experimental production of the disease in healthy normal goats selected from the uninfected members of flocks, or recently-dropped normal kids.
The infected animal appears to be healthy, is well-nourished, shows no tendency to abort and yields a plentiful supply of milk-a supply by no means curtailed even when the said milk is simply teeming with the infective organism. Nor, So far as one can make out, is there any marked contraction of the period of lactation. It is these very facts that render it so difficult to convince the Maltese goatherd that his animals can be suffering from any disease; but-and this, to my mind, is an important point when once a milch goat is naturally infected, the infection continues from year to year until the death of the animal; the infection apparently becomes quiescent during successive pregnancies, but the excretion of -the infective organism in the milk bursts out with renewed vigour with each successive lactation. Incidentally, the same description would apply equally to melitensis infection of the cow-as it occurs in Malta. In the advanced stages of the disease the animal is obviously out of condition; it wastes, lactation fails, and frequently it is affected with a hard, brassy cough that reminds one of the aneurysmal cough in the human subject.
In addition to the symptoms mentioned above, the infective organism occurs from time to time in the blood and is excreted in the milk and urine. Specific agglutinins and complement-fixing bodies are present in both the blood and the milk. The path of entry is usually by cutaneous inoculation, either from contact of abraded surfaces with infected urine in the pens or with infective milk through the hands of the milkman. Infection by feeding has been successful experimentally, and there is no reason why the ingestion of infected fodder should not be a natural mode of transmission. Finally, I have expressed the opinion elsewhere that infection also occurs during the service of healthy dams by infected sires. Tissue Localization.-The causal organism can be isolated from the blood, spleen, liver and gall-bladder, kidney, urine, inguinal and mesenteric glands of infected goats, and from the udder and milk of the infected milch goat. It cannot be detected in the tissues of the kid newly born of an infected dam-indeed, such a kid appears distinctly resistant to infection for many weeks after birth.
The duration of the incubation period, based upon a mass of experimental details, appears to vary from seven to thirty days.
UNDULANT FEVER IN MAN. When we turn to the clinical picture of undulant fever as it occurs in man, here we have a definite disease which, although rarely fatal (mortality 2 to 3 per cent.), gives rise to illness of a protracted type.
Symptoms.-Apart from the ambulatory cases, which exceptionally yield a history of a few days' "fever," but usually present no evidence of infection save the presence of the causal organism in the urine and specific agglutinins in the blood; the disease may be defined as a septicLemia, endemic in tropical and subtropical areas, running an acute, subacute or chronic course of indefinite duration, lasting for months or even years, and characterized by lack of constant symptoms other than slight or severe pyrexia-continuous, intermittent or remittent-with marked tendency to repeated relapses or waves" of pyrexia, during which the symptoms originally present may recur with undiminished severity, accompanied or followed by emaciation and neuritis, and by certain metastases, such as synovitis, parotitis and orchitis. Path of Entry.-In the majority of instances the ingestion of infective food, usually goat's milk or milk products, is the determining cause of the infection. In goatherds infection commonly occurs as the result of cutaneous inoculation. I have elsewhere adduced experimental evidence pointing to the possibility of infection during sexual congress.
Tlissue Localization.-The organism can be demonstrated in all the tissues of the body in septicwmic cases, and in all types; it has on occasion been isolated from the spleen pulp, the blood, the urine and fteces, and the milk.
The incubation period varies from five to sixteen days. In contrasting these three clinical pictures it is obvious that the mode of infection is practically identical in all three types of case. The protracted character of the infection is another point of similarity; but the outstanding feature of Bacillus abortus infection in the cow is the certainty with which the abortion results. So far as my own observations in an endemic area have gone I find that this does not happen in the goat inifected with Micrococcus melitensis, but it is stated by some observers (Mohler and Eichhorn, 1911; Dubois, Della Vina, 1914) that when an infected goat is introduced into a healthy flock in a virgin district the disease rapidly becomes epidemic and subsequently endemic. In the early days of this endemicity abortion is to be noted as a frequent and often the only sign of the presence of the disease; moreover, Evans, 1923, produced abortion in forty-five days in a cow by injecting it intravenously with Micrococcus melitensis. In the case of the human subject, Hughes, writing in 1891, remarks, " Attacks of this fever (i.e., undulant) have not caused abortion in pregnant women in the few instances which have occurred in the practice of the writer"; and in my Milroy Lectures (1908) I, too, stated that "pregnancy frequently synchronizes with an attack of Malta fever and the patient remains unaffected, although lactation is frequently curtailed."
As both Hughes and myself observed the disease chiefly in Malta, it may be suggested that we were not sufficiently in contact with the native population to be familiar with what occurred in the infected women, and that the number of European N-COMP. MED., OBST., TROP, Dis. 2 * women open to observation was too limited to warrant any sound opinion. But to this I would reply that both of us were in close touch with Maltese obstetricians and with Maltese hospitals, and were therefore in a position to obtain information relating to cases, if any occurred, in which abortion took place. With regard to Europeans, in 1905, Shaw, who analysed the cases that occurred in the Services, including Service women and children, for the years 1898 to 1904, showed that 30 per cent. males were infected, with a mortality of 3 3 per cent.; and 71-6 per cent. of the women became infected, with a mortality of 6'8 per cent. In other words, relatively more women than men were attacked and also acquired the infection in a more severe form. The average number of women (who, being the wives -of the rank and file of the Army and Navy, were for the most part of the child-bearing age) was 498 for each of the years with which he was dealing. Yet, a couple of years later, when I was making inquiries in all directions with the object of setting out the individual symptoms observed in a large mass of material on a percentage basis, no mention of abortion was made by any of my confreres. Morphology.-A short, slender, pleomorphic rod with rounded ends; individual cells may be so short as to appear coccoid. The diameter is about 0 5 ,u, the length varies from 0.5 / to 2 Hk or 3 H.t. It is non-motile. It does not form spores.
Staining.-It is readily stained with the ordinary dyes, but it is Gram-negative. Cultural Characteristics.-The first growth of a strain from pathological material in artificial media presents difficulties; it is, however, often favoured by incubation upon horse-serum agar under reduced oxygen tension, or in an atmosphere containing 10 per cent. C02, but when accustomed to artificial culture aerobic growth is abundant on all the ordinary media. An agar-slope culture of a readily-growing strain shows an opalescent growth after twenty-four hours' incubation, which becomes heavier during the next day or two. It is a lustrous, moist growth with a, sharply defined margin. Crystals begin to form in the agar after five to six days' incubation. On agar plates after two days' incubation colonies like tiny dew-drops appear on the surface of the agar. They gradually become opaque as they continue to increase in size during ten or twelve days' incubation, when, finally, the largest colonies attain a diameter of about 6 mm. In the depths of the agar there are two kinds of colonies--small, bluish-white, circular colonies, about 3 mm. in diameter, and opaque, lemon-shaped colonies, about 3 mm. long. In agar-shake cultures there is an abundant surface growth, but no growth beneath the surface. The agar just beneath the surface growth is rendered white and opaque. In broth cultures a faint clouding is visible after twenty-four hours' incubation. During the next day or two the clouding becomes heavier, but the broth never becomes heavily clouded. There is no surface ring or pellicle. After several days a sediment begins to precipitate. In litmus milk the only change is a slight alkalinity apparent after several days' incubation; this reaction never becomes pronounced. On potato there appears a slight glistening growth of a brownish colour. After several days' incubation the potato itself takes on a brownish tinge.
Biochemical Reactions.-(1) Gelatine is not liquefied.
(2) None of the commonly used fermentable test substances are attacked. (3) Both urea and asparagin are decomposed with the production of ammonia, but the reaction ir. asparagin medium is often slight. (4) In broth cultures there is a reduction of the hydrogen-ion concentration equal to about 0 7 or 0'8 pH. This reaction is fairly definite and characteristic. The initial hydrogen-ion concentration of the broth may vary over quite a wide range in either direction from the neutral point without affecting the result. In nitrate broth there may be a slight reduction of nitrates to nitrites. (5) Indol is not produced in tryptophan media.
MICROCOCCUS MELITENSIS.
Morpholoqy.-Micrococcus melitensis is an extremely small spherical coccus, not exceeding 0.4 p in diameter, or a slightly ovoid cell, measuring 0'4 , by 06 5 . In old broth cultivations chains of, ten to fourteen individuals may be found. It is non-motile, but exhibits very active Brownian movement. It (loes not form spores.
Staining. -It is readily stained by the ordinary dyes, but is Gram-negative. Cultural Characteristics.-Micrococcus melitensis is readily isolated from pathological material by means of solid or liquid media, but it is a slow-growing organism. An agar-slope culture of a readily-growing strain at first consists of discrete colonies; these rapidly coalesce to form a moist, shining growth, which is at first white or pale yellow, but which with age turns amber and finally a distinct brown. On agar plates, after twenty-four hours' growth, the organism produces a ground-glass appearance on the surface; at forty-eight to seventy-two hours discrete colonies, resembling minute drops of water, are visible. The size of the colonies is inversely proportional to the number present on a plate; when moderately numerous a colony will attain a diameter of IP6 mm. at the end of a week, the maximum diameter (but rarely attained) is 5 mm. In the depths of the agar, colonies are biconvex, with entire edges and finely granular surface. Colonies, when young, are translucent; at four days they become opaque white with a slight opalescence by reflected light, and pale yellow to pale amber by transmitted light. With age the colour passes from ric4 amber to light brown or even to dirty slate brown. In broth cultures very faint clouding is noted after twenty-four hours' incubation; during the next day or two the broth becomes denser and the upper layers of the fluid in a tube are (lenser than those below. At seven days a white deposit has begun to form. There is no surface ring or pellicle. In litmus milk the only change is definite alkalinity, which becomes quite pronounced by the end of four or five days. On potato the growth appears as a moist film, white to pale yellow in colour at the end of five days. Microscopically, the cocci are larger than those grown on agar, and are associated with numerous involution forms. Biochemical Reactions.-(1) Gelatine is not liquefied. (2) Dextrose and lactose exhibit a faint alkaline reaction at the end of a week. (3) Other usual fermentable substances are not attacked. (4) In nitrate broth there is no reduction of nitrates to nitrites. (5) Indol is not produced in tryptophan media.
To contrast the responsible organism in each of these infections: Bacillus abortus, which was isolated by Bang in 1897, was described from the first a-s a bacillus, short it is true, but occasionally showing forms so short as to be coccoid in nature. In discharges from the cow it appears as a bacillus.
The Micrococcus melitensis, isolated by Bruce in 1887, was originally described as a coccus, and it appears as a coccus, in pus, milk and urine from infected individuals or animals. The exceedingly minute size of that coccus has always been insisted upon-the diameter being given as 03 p to 04 / by the bulk of observers who have isolated their strains from human cases of undulant fever. It is true that in old cultures and in very slowly-growing cultures (such as those on gelatine) forms were noted in which the length was often twice or even three times that of the diameter. These appearances I have always regarded either as the natural elongation of the coccus prior to division, or, alternatively, as involution forms.
To digress for a moment-that the appearance of elongated forms amongst other cocci is often 'sufficiently striking to impress the bacteriologist will be appreciated when I remind you that somewhere about 1900 Andrewes was describing the bacillary form of the Streptococcus longus and warning his students against confounding it with the Bacillus diphtheria. Also, some years later, Goadby, from his study of the Streptococcus viridans, actually proposed the name " Streptobacillus mall " for this organism. American workers, however, regard the bacillary forms as representing the real shape of the organism and the coccoid forms, presumably, as involution forms; the drawings and photographs that they reproduce certainly give this impression. But from their descriptions and their photographs I, personally, fail to recognize the organism with which I am so familiar. The earlv subcultures of one of the strains I now have in my laboratory are almost spherical in shape, and their minute size is still retained; and until convincing proof is obtainable, I still adhere to the designation " micrococcus."
Again, the examination of these organisms by dark-ground illumination leaves no doubt in my mind that the Micrococcus melitensis is a coccus and the Bacillus abortus a bacillus; for in the vigorous Brownian movement which has always been a feature of hanging-drop preparations of the Micrococcus melitensis the excursions of individual cocci can best be described as zig-zag, to-and-fro movements within a limited space. With th-e Bacillus abortus, however, we have a totally different picture; there is a refractile granule towards the pole of each individual bacillus, resembling that seen in the pneumobacillus of Friedlander under similar circumstances, and the Brownian movement is that which is typical of a non-motile bacillus; it comprises a head-over-heels, somersault movement, like the acrobat's hand spring, and is limited to one spot.
I propose to make no detailed comments on the cultural reactions of the organisms. For my part, I should not consider the appearance of the cultivations of the Bacillus abortus upon solid media as suggesting more than a passing thought as to their identity with similar cultivations of the Micrococc'us melitensis. In its earlier stages Micrococcus melitensis is white, and only with advancing age does the peculiar amber colour which is so typical of these cultures make its appearance; Bacillus abortus gives a yellowish film from the first, and the colour deepens rapidly to a light brown, with no glistening amber stage.
The next question that arises is, how did these two organisms come to be regarded as so essentially similar? The supposition arose from the correlation of a number of isolated observations. Thus Schroeder and Cotton, in 1911, drew attention to the presence of Bacillus abortus in 14 per cent. of the cow's milk samples they inoculated into guinea-pigs, and showed that the organism was excreted by the animal even when there was no obvious lesion of the udder. McFadyean and Theobald Smith, in 1912, also found that guinea-pigs inoculated with raw cow's milk developed certain lesions which were due to infection with Bacillus abortus. These observations were confirmed by Zwick and Krage in 1913, and Fleischner and Meyer in 1917.
Larsen and Sedgwick (1913), and Ramsay (1915), found that the serum of 17 per cent. and 6 per cent. children's sera reacted positively to Bacillus abortus. Kennedy in 1914, and also Bassett-Smith, showed that the milk of some London cows possessed the power of agglutinating laboratory cultures of Micrococcus melitensis.
The knowledge of these facts led to inquiries being made by Nicol and Pratt (1915), and Coolidge (1916), into the possibility of the infection of man by Bacillus abortus, when they showed that the blood-serum of some individuals possessed the property of agglutinating Bacillus abortus in fairly high dilutions. Eventually, however, they came to the opinion that there was no definite proof of this.
Nicolle, Burnet and Conseil also emphatically denied this possibility on the complete absence of effects when they injected seven men and two monkeys intravenously with large doses of living Bacillus abortus cultures. So also did Williams and Colmer in 1917, who investigated the complement-fixation reactions in the abortions of women, with special reference to the Bacillus abortus, with completely negative results.
Comiparative Medicine, Obstetrics, and Tropical Diseases
According to Skari'c (1922) , contagious abortion is rife in some parts of Austria, yet there is no undulant fever to be observed in man in those same areas.
But as the result of much careful work in Rhodesia, Bevan (1920) suggested that undulant fever in that district is caused by Bacillus abortus, and in this he is followed by Duncan and Fleming (1924) .
The presence in the blood of man of agglutinins for Bacillus abortus and in the milk of cows for Micrococcus melitensis prompted Miss Evans (1918) to undertake a serological investigation of these two organisms. At the outset she attempted rather too much, since she included in her inquiry the Bacillus bronchisepticusan organism of the coli-typhoid group associated with distemper in dogs; and in this connexion it is interesting to note that Orpen regards Bacillus abortus and Micrococcus melitensis as allied to the Bacillus facalis alkaligenes. Apart from this, however, Miss Evans clearly showed that Bacillus abortus antiserum, when tested against six strains of Bacillus abortus, caused partial agglutination in a dilution of 1 in 1,280 with four, with complete agglutination in lower dilutions. The other two strains of Bacillus abortus were partially agglutinated in the 1 in 2,560 dilution. Four of six strains of Micrococcus melitensis were partially agglutinated in the 1 in 1,280 dilution. Therefore, Bacillus abortus and Micrococcus melitensis were agglutinated by the Bacillus abortus antiserum in practically the same dilutions.
Later, the question was taken up by a number of different workers, and it now seems clear that immune "abortus" serum will agglutinate not only Bacillus abortus, but also Micrococcus melitensis, and, conversely, that immune melitensis serum will also agglutinate Bacillus abortus-in each case the actual antigen being agglutinated in slightly higher dilutions by its own serum; whilst absorption experiments show that the antigen is able to remove all the agglutinin from its own serum, but not quite all of the agglutinin from the " cross " serum-in other words, a sufficiency of the specific agglutinin remains behind to cause the agglutination of the related organism in low dilutions. Feusier and Meyer (1920) fully confirmed these results, as have many others since.
These observations therefore indicate the existence of a similarity in protoplasmic structure of these two organisms even closer than exists between many members of, for example, the well-defined " coli-typhoid" group, and their importance cannot well be disregarded.
To complicate matters, however, Burra (1919), working in Malta, showed that the serum from six cases of Mediterranean fever, which agglutinated Micrococcus melitensis in dilutions up to 1 in 1,600, also agglutinated Vibrio cholerae in dilutions up to 1 in 200; and the serum from three goats infected with Micrococcus melitensis did exactly the same thing.
Again, cases have been recorded from time to time of double infections of undulant and enteric fevers. In some instances both organisms have been isolated from the patient in question, but in several the diagnosis of typhoid has rested upon agglutination reactions. When the serum from such cases shows a high titre for Bacillus typhosus the diagnosis is probably correct, but it is no uncommon thing, in my own experience here in England, to find cases of streptococcic septicaemia which give a positive agglutination reaction with the typhoid bacillus in dilutions as high as 1 in 200-even when there is no clinical evidence of typhoid fever and no history of a previous prophylactic injection of antityphoid vaccine. All of these facts suggest that in the present state of our knowledge it is unwise to place implicit reliance upon agglutination and absorption tests.
To turn to another aspect of the significance of these observations, it will be recollected that every now and again a case in man has been described as a melitensis septieemia, where the individual had not been in the habit of consuming goat's milk (such a case as that described by Duncan, 1920), or had not resided in or even passed through a region where the disease occurs; and the possibility is suggested that these are really cases of infection with Bacilluts abortus derived from cow's milk.
Now it seems quite clear that the consumer of cow's milk might ingest a sufficiency of the Bacillus abortus to give rise to a pyrexia resembling Malta fever, and I think I am right in saying that in none of these sporadic cases of so-called Malta fever has the Micrococcus melitensis been isolated from the blood-stream. The diagnosis has invariably rested upon the presence in the patient's blood of agglutinins assumed to be specific for Micrococcus melitensis. On the other hand, these agglutinins may merely be the evidence of a passive immunity derived from the ingestion of Bacillus abortus antibodies present in the milk of infected animals. I trust that I have said enough to show that there are many inconsistencies and discrepancies urgently demanding " experimental" attention, and that many links must be added to the chain of evidence before those of us who are familiar with undulant fever and its causative organism as it affects man can give our wholehearted support to the thesis that Bacillus abortus and Micrococcus melitensis are identical organisms.
INFECTIVE ABORTION OF CATTLE IN RHODESIA AND ITS POSSIBLE RELATION
TO HUMAN HEALTH.
[Communicated by Mr. L. E. W. BEVAN (Rhodesia)].
In November, 1921, I read a paper on this subject before the Southern Rhodesia Veterinary Association.' I pointed out that the disease known as infectious abortion of cattle existed in Southern Rhodesia, and was caused by the Bacillus abortus of Bang, and that serological tests indicated that it was identical with the specific abortion of cattle in other parts of the world. I also drew attention to the fact that certain cases presenting symptoms resembling undulant fever had occurred in Southern Rhodesia in human subjects who, as far as was known, could not have obtained infection from goats, but had resided on farms where cattle were suffering or had suffered from infectious abortion. I found that the serum of such patients would agglutinate Bacillus abortus, and that the serum of cattle would agglutinate Micrococcus melitensis. But I had to admit that, while circumstantial evidence pointed to the infection of man by the Bacillus abortus of Bang, and scientific tests up to a point supported the suspicion, the final proof was not available.
Nowithstanding the publicity given to this communication a similar association between infectious abortion of animals and undulant fever of man has only once since been recorded elsewhere, namely by Keefer, in Baltimore, Maryland, U.S.A. This was a case of Malta fever occurring in a patient who had not been out of the State of Maryland, had not drunk goat's milk and had not been in contact with goats. He had, however, drunk much cow's milk. and had eaten large quantities of cheese. It is significant that the patient was a technical worker in a laboratory, but it is stated that he did not come into contact with cultures. The type of organism isolated was Brucella melitensis, variety abortus (Evans). Evans showed that the strain from the Baltimore patient was serologically identical with strains from bovine sources.
The practical experience of veterinarians generally does not, however, support the vielW that the bovine infection is transmissible to man. At the recent Pan-African Veterinary Conference the matter was seriously discussed. Dr. P. R. Viljoen, who represented the Department of Veterinary Education and Research for the Union of South Africa, said: I do not know any reason for considering these two diseases to be identical in any way.
In Great Britain where they have such extensive outbreaks of abortion in cattle whose milk 1 Tranm. Roy. Soc. Trop. Med. and Hyg., 1921-22, xv, pp. 215-231. is used by European people all over the country, Malta fever is practically unknown. In this country also, milk from cows infected with contagious abortion is used very extensively and yet one never hears of any ill-effects ensuing.
Nevertheless, the fact remains that cases of undulant fever continue to occur in Southern Rhodesia in men, women and children, who cannot have become infected from goats, but who reside, or have resided on farms or areas where cattle are or have been infected with the organism causing infectious abortion. In a table kindly supplied by the medical department is a list of cases admitted to hospitals in Southern Rhodesia during the past four years, and, on analysis, fifteen out of thirty-five patients are known by the writer to have come from areas where infectious abortion of cattle exists, or has existed, or to have consumed dairy prbducts from infected herds.
Therefore it must be admitted that there is increasing evidence that in Rhodesia the undulant fever of man is in some mysterious manner associated with infectious abortion of cattle, and I submit that if this is so in one country it may be so in another. If, in any circumstances whatever, this insidious disease of cattle which is prevalent throughout the world, can become infective to man, it is a matter of the greatest importance, and one which should receive the most careful consideration of our professions.
It may be well, therefore, to discuss the matter more fully with a view to ascertaining the reason why the bovine disease in this country should have become infective to man. Let us first consider the cause of the disease in cattle in this country. In 1914 I proved that the serum of infected animals would agglutinate strains of the Bacillus abortus of Bang which I had obtained from the Royal Veterinary College, London, and from the Veterinary Laboratories of British East Africa and the Union of South Africa. This was an observation of considerable interest, since it showed the -wide distribution of the Bacillus abortus and the remarkable uniformity in its agglutinating properties. Later (in 1921) I demonstrated that the serum of man suffering from undulant fever contracted in Southern Rhodesia would similarly agglutinate these various strains.
But although the organism infecting cattle is Bacillus abortus, it may be that we are dealing with a strain of that organism having peculiarities not revealed by the agglutination test. This introduces the question as to how the disease originated in this country. It is held by some that it has existed for generations in our indigenous cattle, which in course of time have become more or less resistant to it, but that, with the introduction of new blood in animals imported to improve the native stock, the disease has become exalted in virulence. If this were so-, it is doubtful whether the herds which have been bred up from a foundation of native stock would have reached their present numbers. But I have recently received for experimental purposes fourteen native cows obtained from a district in which they have not come into contact with imported stock, and the blood of two of them has given a marked agglutination reaction. Unless this is due to some circumstance of which I am not aware, it certainly points to what I propose to call a " native strains" of infection. Natives have also stated that abortion was known to occur among their cattle before the advent of the white man: but such statements are unreliable. They may relate to sporadic cases-which under the methods of herding and breeding practised by the natives are numerous-and not to any specific disease.
It is certain, however, that infection has from time to time been imported from outside, notably in cattle from Northern Rhodesia, from Cape Colony, and also from Great Britain. We have therefore various strains of Bacillus abortus to deal with. But no matter from what district of Rhodesia the serum of infected cattle is obtained, it will agglutinate all the strains of Bacillus abortus which I have been able to obtain from other laboratories.
With regard to the organism met with in man, Dr. L. J. Orpen, Bacteriologist to the Public Health Laboratory, Salisbury, has carried out some very interesting tests to determine its identity. In his annual report for the year 1923, he states:-. ... the strains of organism obtained . . . . were compared with strains derived from European cases of Malta Fever, and from both European and Rhodesian contagious abortion. They were all exactly alike in shape, staining and cultures. . . . . A nunmber of rabbits were then inoculated for a month, their serum prepared and absorption tests made, wvith the following results: It was found that all these organisms are of the same genus (which is now valled Alkaligenes, e.g., melitensis, A. abortus, &c.), but that while European Malta fever is due to A. melitensis, the strains from both Rhodesian Malta fever and from contagious abortion were identical, i.e., the cases of Rhodesian Malta fever examined were due to infection with the organism of contagious abortion of cattle.
It would therefore appear that if there is any peculiarity of the organism which renders it pathogenic to man, it cannot be demonstrated by serological methods.
Burnet, in Algeria, has carried out investigations with many strains of the Micrococcus melitensis and Bacillus abortus, and has come to the conclusion that the two are one species. In his experiments Bacillus abortus proved more virulent for guinea-pigs, but less so for monkeys, which could resist doses one thousand times greater than those required of Micrococcus melitensis to infect them. Later he found that various strains of Bacillus abortus from feetal calves and pigs were non-pathogenic to man, and also that Bacilluts abortus was not pathogenic to macacus monkeys.
The whole subject is very obscure, but it would appear that these organisms belong to one large group, with Bacillus abortus at one end and Micrococcu,s melitensis at the other, and that the pathogenicity of the various members of the group depends upon unknown factors the methods of passage and transmission of which are probably of great importance.
If, as I have previously suggested, there is a " native strain " of infection in this country, it is easy to conceive that such might have originated from a strain of Micrococcus melitensis which in the course of years-under the conditions which obtain in the native kraal, where goats, sheep and cattle are always in close contact with man-might have become adapted to cattle, and that man and cattle in due course might have become tolerant to it. To carry the idea further, such a strain might have become exalted in virulence by passage through imported cattle and their progeny, and again become pathogenic to the huma-n subject, more especially to the European who would not possess the immunity acquired by the native of the country.
In 1921, when the disease in man first attracted attention, the majority of cases occurred in the Marandellas district and in districts to which cattle from Marandellas had been taken. Since then the majority of cases have come from Salisbury and its vicinity. In these areas the strains of infection are probably of " native " and South African origin. But nio cases have been admitted to Enkeldoorn, Gwanda, Sinoia and Fort Victoria hospitals, although infectious abortion of cattle exists in those districts.
It is interesting to note that even on farms where the disease of cattle is severe, cases of human infection are never numerous. It rarely happens that more than one member of the family is affected. Sometimes it is a man, sometimes a woman, and rarely a child. In at least two instances the residents on an infected farm have escaped, while a visitor, or a recently arrived farm-pupil, has become infected. In the table previously referred to, out of a total of thirty-five cases, twenty-six are those of men, five those of women and four those of children. Among the male cases occur those of a postmaster, a teacher, a doctor, a mine manager, an engineer, a store-keeper, three civil servants, one engaged in the timber trade, two butchers and twelve farmers.
It is generally believed that the disease is contracted from infected milk or dairy produce, but if so it is difficult to understand why on some farms the man has become infected and not the women and children. If, on the other hand, infection is contracted by contact with cattle, or through the dust of the cattle-sheds or kraals, it is strange that in some instances the women have become infected and not the men. To explain these extraordinary circumstances it has been suggested that as the result of frequent exposure to mild infection, immunity is set up and that it is those who do not possess this immunity, or those whose resistance is broken down by some other cause, who contract the disease. The victims, however, are not always the weakest; in some instances they have been the most robust members of the family. The disease is not so prevalent throughout the country that the population generally can have become immune. If it were so, visitors to the country would run a grave risk. As far as is known none of them have become infected.
It is suggested by Orpen that ". . . . in man infection by feeding with milk might fail, while inoculation of the blood-stream by a biting insect (which has been in contact with infected milk or dung) might succeed." This idea is attractive in that it offers a possible explanation for the exceptional features of the disease in this country. It may be that the solution of the problem rests with the entomologists. Bassett-Smith has pointed out that ".
. the conditions that are present in parts of America are in many ways analogous to those found in South Africa." It may be that the insect life is similar.
The clinical features of the disease in cattle in Southern Rhodesia are similar to those met with in connexion with infectious bovine abortion in other parts of the world, except that, occurring as it does, chiefly among range cattle, abortions are not so frequently met with as in countries in which cattle are more closely confined. Indeed, it frequently happens that the presence of the disease is only suspected by an exceptionally low " calf-crop," an unusual number of cases of retained placenta, a growing number of barren cows, or of cows returning to the bull. In dairy cattle, or those under closer observation, the manifestations of the disease are as elsewhere.
I am informed by the members of the medical profession in Salisbury that the disease in man does not differ from Malta fever, except that the temperature does not always conform with text-book descriptions. Not infrequently cases are at first mistaken for malaria or typhoid until blood examination and agglutination tests reveal the true nature of the disease. The chief symptoms appear to be pyrexia, headaches, anaemia, swollen spleen and liver, and pains in the joints. Neuritis and sciatica, and occasionally orchitis, follow. In one case recently returned from treatment in England, the vesicule seminales are apparently involved. This is of some interest, since Schroeder has shown that in bulls chronically infected with Bacillus abortus, lesions are found in these bodies. It is a remarkable fact that patients improve when they leave Rhodesia and live for a time at sea-level. This has become the favourite form of treatment and is undoubtedly the most successful.
Lastly, with regard to the measures adopted by the medical and veterinary authorities in dealing with this very difficult situation; when the specific character of the disease in cattle was realized, steps were immediately taken to cope with it. Cattle owners in Rhodesia have learnt wisdom in a bitter school: twice since the occupation of the country their stock has been decimated, first by rinderpest and then by East Coast fever. They would submit to almost any restriction rather than risk another disaster. They therefore readily complied with the requirements of the Veterinary Department, which made infectious abortion a notifiable disease. When the disease is proved by the agglutination test, the application of which is rendered easy by the " pipette method" (described by me in the Joutrnal of Comparative Pathology and Therapeutics, xxviii, No. 4, December, 1915) , the herd is placed in quarantine until six months after the last abortion, or until after the last application of the so-called " devitalized vaccine," This is a vaccine prepared from massive cultures of virulent and agglutinating organisms subjected to chloroform, which, according to the researches of Duval and Harris, in connexion with Pfeiffer's bacillus, " devitalizes the bacilli by rapidly absorbing the water, and in consequence increasing the permeability, which results first in plasmolysis, then rupture of the bacterial cell, liberating, without affecting in any manner, its toxic moiety." I, personally, adopt this method of vaccination in preference to the use of (1) vaccines composed of live, virulent organisms, which can only be used at the risk of causing abortion and of setting up new foci of infection; or (2) of vaccines composed of living organisms, which, as the result of many subcultivations, have lost their virulence, and, possibly, other essential antigenic properties. I also consider it preferable to the use of a vaccinecomposed of organisms whose toxic and other properties have been destroyed by heat. The necessity for retaining the essential properties of an organism in a vaccine has recently been emphasized by Tulloch, Davidson and others, in papers read before the British Medical Association at Bradford, and many of the principles enunciated by them have been observed in the preparation of the " devitalized vaccine." Numerous reports have been received, and continue to be received, indicating most satisfactory results following its application. Of course some abortions are inevitable, even after vaccination-life cannot be restored to a dead fcetus-and, as the immunity conveyed is only temporary, much depends upon the efforts of the Veterinary Department, and of the owners, to remove the source of infection before the immunity has worn out.
The advice now given in dealing with the disease, especially in range cattle, is first to seek out and eliminate the source of infection, to disinfect cow-sheds, kraals, and watering places, to destroy non-breeding cows and those constantly returning to the bull, to test all bulls and remove reactors, and to vaccinate all females in danger of becoming infected. The present low price of cattle makes the culling of non-breeding females a feasible proposition. Owners are even urged to sacrifice any animal which, having had the opportunity of becoming pregnant, has failed to produce a calf. It is suggested that the protection of susceptible in-contact animals by vaccination should be carried out systematically, and if, by reason of the large number of females involved, this is impossible, it should be applied to the heifer herds, say, two months before the bulls are run with them, and at intervals of three months, in order that the immunity may be carried on throughout the whole period of pregnancy. This can be safely done with the "devitalized vaccine," which causes no ill-effects.
This short review of the subject will indicate that in Rhodesia the veterinary profession is fully conscious of the gravity of this disease not only as a source of loss to the' cattle industry but because of its possible menace to human health, and that it is doing its best to cope with it, realizing that in this, as in so many other animal diseases communicable to man, it constitutes the first line of defence.
With regard to the measures adopted by the Public Health Department: undulant or Malta fever has been included as a notifiable infectious disease under the Public Health Act of 1914, which provides for the inspection of dairy cattle and of animals intended for human consumption, and of dairies, cow-sheds, milk shops, &c., and for the taking and examination of samples of milk and dairy produce.
Under this Act the Minister may make orders "requiring the closing of any cowshed, dairy or milk shop, or the exclusion from any cow-shed or dairy premises of any animal, the milk from which, there is reason to believe, has conveyed, or is liable to convey, any infectious or other disease prejudicial to public health." It will therefore be seen that every effort, is being made by the authorities in Southern Rhodesia to combat this menace. This problem, however, presents many difficulties, but is essentially one for the consideration of the Section of Comparative Medicine, in order that our two professions may collaborate in devising methods for the protection of bovine and human health.
Postscript.-Since sending my communication on the subject of infectious abortion of cattle and its possible relation to human health in Rhodesia, I have received from Messrs. Huggins and Hurworth the following description of cases of undulant fever which have been under their observation.
Undulant or Malta fever as met with in Southern Rhodesia has always been insidious in its onset. During the initial stage, which may last for three or four weeks, there is usually little pyrexia unless that due to other causes, such as malaria. The syinptoms during the early stages are lassitude, anorexia, constipation or mild diarrhoea. Frequently, indefinite neuralgic pains first attract attention. These are sometimes severe.
All those cases under review which have entered the pyrexia stage have continued to run a temperature for a period varying from two to fifteen weeks. There are no recorded relapses, that is, none have shown remissions or undulations, the fever has been of a continued rather than an undulating type. In the cases reviewed no two temperature records are alike. The irregularity and departure fromii text-book descriptions may in some cases be due to malaria, or to the influence of drugs.
The pulse is usually rapid (between 95 to 120). The recorded symptoms, in order of frequency, have been: marked night sweats; neuralgic pains; malaise; constipation; slight diarrhoea. An interesting feature is that in cases in which only a slight temperature, e.g., 970 F. to 100i F., has been recorded, the symptoms have been most marked, whilst cases in which temperatures reached 1030 F. or 1040 F. were frequently only kept in hospitals with difficulty; the patients felt tolerably well, had a good appetite, and, having grown used to the temperature, had come to ignore it.
The physical signs of the disease, in order of frequency, have been anaemia; splenic and hepatic enlargement; tendency to cardiac dilatation with moderate tachycardia.
Complications have been few, but persons debilitated by any other disease, such as chronic bronchitis or rheumatic arthritis, have sometimes suffered from exacerbations of the "old complaint." Arthritis, bursitis, vesiculitis (with blood-stained semen), orchitis and pyeemia have been met with.
With regard to treatment, the following drugs have been tried: emetin, quinine, arsenic, sodium salicylate and aspirin. The last two have been effective in relieving pain in some cases. With the exception of arsenic in organic form, given intravenously, which appeared to affect the temperature favourably, no claim can be made to any value in drug treatment.
Rear-Admiral Sir PERCY BASSETT-SMITH, K.C.B., C.M.G. For many years undulant, Mediterranean or Malta fever was thought to be restricted to the Mediterranean littoral; gradually it has been traced far inland in France, Italy and Spain; has been recognized in India, Asia, Africa and America, and has now become world-wide. The causative organism was found by Bruce, and further research showed that the common source of infection was the goat, and that it was transmitted by the milk of apparently healthy animals.
In the course of the investigations into its Letiology, other animals, such as cows, mares, sheep and dogs, &c., were found to be occasionally infected. They were not believed to play any important part in the spread of the disease, though tramsmission through their agency was thought possible. Hence the higher ungulates have for long been known to be a potential source of infection, particularly in India. In South Africa and in America it has been to the introduction of infected goats that cases of the disease have been traced.
For many years infectious abortion in cattle and its organism Bacillus abortus (Bang) have been known in Europe, and though very prevalent in some places, no cases of human infection from the disease have been recognized. The work of Evans, Fleischner, Shaw and Meyer (in 1922) has aroused fresh interest. These workers demonstrated the close relationship morphologically, culturally and serologically between the two organisms, Bacillus abortus and Micrococcus melitensis, and various strains were separated by higher bacteriologiecal tests. In 1923, Miss
Evans, from forty-nine strains recognized seven groups, but only three important:
(1) Bacillus abortus, almost entirely in animals;
(2) a wide group including both, and (3) a smaller group of three, including the Micrococcus melitensis of Bruce, able to be separated from the others. Nine further strains were received from Burnet, in Tunis; these were more closely allied to the third group, that is the original Bruce type, than to the other serological groups, agreeing in some factors with the Micrococcus paramelitensis. Evans also was able to infect a heifer with a human strain of Micrococcus melitensis; this caused the animal to abort in six weeks, a common factor for both organisms.
The researches of Bevan and Orpen, in South Africa, have widened Qur views.
These authors show that probably the cows in Rhodesia are commonly infected with Bacillus abortus, and that cases of an undulant type of fever are much more common there than is generally supposed (a view promulgated by Strachan years ago). Is this human infection of bovine origin or not? Is it due to an exaltation of virulence of the Bacillus abortus or is the infective abortion of cattle caused by a varied strain of the Micrococcus melitensis? Duncan's recently published paper (1925) has given the facts, as now known, very fully; the deduction is that the cow infection is transmitted to man by an organism not separable from Bacillus abortus, but varying from the Mediterranean type of Micrococcus melitensis.
It was Kennedy, in London, who found that some cow's milk agglutinated the Micrococcus melitensis in three out of twenty-one tests. Following up his work I carried out the lacto-reaction in milk from cows in a dairy farm at Greenwich, and I found no positive reactions in thirty-seven samples of fresh milk at a dilution of one in twenty, but eleven with one in two after the milk had been kept twenty-four hours. This agglutination probably depends upon the amount of infection of the cows by the Bacillus abortus.
The serum of human cases of undulant fever from the Mediteprranean, at the time under treatment at Greenwich, was found to agglutinate almost equally well both the Micrococcus melitensis and the Bacillus abortus 80. It is therefore important to decide whether this infected cow's milk has any power to produce immunity to the melitensis infection, if not producing the disease.
Sedgwick and others found specific agglutinins for Bacillus abortus in a small percentage of infants not wholly breast-fed; Fleischner, Shaw and Meyer were not able to confirm this, though they have shown that virulent strains of Bacillus abortus in sufficiently large doses are pathogenic to monkeys. But it takes a dose about a thousand times greater than that of the Micrococcus melitensis to infect them. I have this year put up 130 different sera (taken for Wassermann tests) with
Bacillus abortus 80, in dilutions of 1 in 40 to 1 in 1,200. In two only was there any positive reaction, and then not above 1 in 40, therefore evidence here in man of infection or immunization from milk to this organism is very small. It is interesting to learn that Khalid has been able to cross-immunize a monkey with the two organisms, and Burnet has been able to protect humans with Bacillus abortus from melitensis infection (1924), hence the possibility of protective immunization with the less dangerous organism used as a vaccine. In spite of the negative evidence of Coolidge and Edwards as to the pathogenicity to man of the Bacillus abortus, it seems certain that particular strains found in cows can infect the human subject and cause a type of fever like undulant, and that this is most common in Rhodesia.
In conclusion, my considered opinion is:-
(1) That when the Micrococcus melitensis is first obtained from a human Mediterranean case the organism is always a coccus. By culture it becomes oval, may form chains, and finally shows the bacillary type.
(2) That this original type of Bruce does differ from the abortus types; I cannot, however, hazard a guess where the paramelitensis should be placed; it certainly is more toxic in animals and shows a greater tendency to abscess formation, thus following the characters of abortus as described by Jaff6.
(3) That the clinical descriptions of the South African cases show some differences from the Mediterranean types, as described by Strachan.
-(4) That the formjption of a large number of varieties under different names, through serological differences only, is premature and confusing.
(5) That the test of pathogenicity is the most useful guide.
Colonel J. C. KENNEDY, C.B.E., M.D.
said that his observation of the presence of agglutinins for Micrococcus melitensis in the milk of cows in London was made in 1913. By the time it had been published in the early part of 1914 he was in India, and he regretted very much that foreign service and the war prevented his following up the observation. It would appear that the two organisms could not be differentiated by cultural or serological tests, nor indeed by their pathogenic effects on animals, except in the case of monkeys and man, Bacillus abortus being very slightly pathogenic for monkeys, and according to Nicolle, non-pathogenic for man. His (Colonel Kennedy's) own experience of the infection in cows was limited to Malta and to his observations in London. Cows in Malta showed specific agglutinins for Micrococcus melitensis, and excreted an identical organism in their milk. He did not think that any tests for pathogenicity had been carried out, so that it was quite possible that this organism was really Baci,llus abortus. He was unable to imagine that the English strain of Bacillus abortus could be virulent for man. Considering that Micrococcus melitensis could infect through the slightest abrasion or by way of the mucous membranes, was it possible that the milkers and those who handled the milk in our dairies could escape infection ? This seemed to be a very strong point against the English cow organism being the same as that of the Maltese goat.
The course of the disease in goats varied in different places; it would appear to cause a high proportion of abortions when introduced into a clean herd. In Malta, however, abortion was not the rule, and so far from the secretion of milk being diminished it seemed in some cases actually to be stimulated by the infection. This could be explained by an acquired immunity.
In offering an explanation for the high degree of virulence possessed by the goat strain for the human subject, Colonel Kennedy referred in some detail to the crossinfection between goat and man in Malta and to the fact that Micrococcus melitensis by repeated passages through one species of animal became highly virulent for that animal.
Referring to the clinical features he mentioned that 5 per cent. of male human subjects suffered from epididymitis and orchitis, and that, during convalescence, they were apt to suffer from emissions of blood-stained semen; also that infection of the human subject during sexual congress was possible. I He was opposed to the American view that Micrococcus melitensis should be classified as a bacterium. When freshly isolated from the tissues it was a coccus, and when studied in hanging-drop serum cultures grew as a coccus in the form of a streptococcus. When cultured, it might tend to assume a bacillary form just as did many of the streptococci of the throat. However, as Bang's organism was described as a bacillus, and the two organisms were obviously very closely allied, he supported the proposal to include the two organisms in a new group to be called Brucella.
Professor LOUISE MCILROY, M.D.
Before the war I investigated the cause of abortion in women, and had formed the theory that it might in some cases be due to a specific micro-organism. I examined a number of specimens from abortions in cattle and investigated Bang's bacillus. The results, however, were negative so far as the human patient was concerned. I also investigated the condition of women who worked on farms but was unable to find a case of contagious abortion.
The question is, what organisms affect the human uterus and cause abortion ? Coliform organisms and streptococci are found in women who have aborted. I believe that the majority of cases are due to contamination and not to a specific organism. I further investigated the question of epidemic abortion among women but found no proof of this except in outbreaks of epidemic diseases such as influenza in 1919, when the abortion-rate was high among patients infected with the disease. That was easily explained, as influenza is a toxaemia. Practical experience shows that a toxic condition is liable to lead to abortion. When a pregnant woman contracts scarlet fever or pneumonia she may abort.
The nearest parallel in the human subject to contagious abortion in cattle is syphilis. It may be conveyed by the male. The ovum and uterus may become infected.
Abortions in both diseases are liable, when recurrent, to take place at a later period of pregnancy successively, and finally term may be reached. The explanation probably is that immunity was gradually acquired. In syphilis there is a serum reaction, and also in contagious abortion.
Sterility is not uncommon as a result of both diseases. It is a clinical rule that before any cause other than syphilis can be assigned for abortion a negative Wassermann reaction must be found.
I have not had experience of Malta fever, but abortion is not uncommon in malaria. This may be due to the disease or to its treatment by large doses of quinine. Abortion sometimes becomes almost a habit when once it has occurred, as the result of a sudden jolt or jar. It is difficult to prove that coli infection causes abortion directly. It is not a common infection in pregnancy of the genital tract but is more frequent in the urinary organs.
The endocrine organs no doubt exercise an effect upon the ovum first, as the ovum in itself is a temporary internal secretory organ. The effect of the administration of extract of corpus luteum or thyroid to women who suffer from recurrent abortion seems to prove this. This treatment often enables the pregnancy to go to term.
Blood grouping might prove an interesting study. The agreement of the ovum with the paternal or maternal group may influence its relationships with the maternal organism, harmonious or otherwise.
I should like to have heard something more definite about abortion among goats. Is it merely a popular superstition that when a goat is kept among a herd of cows it acts as a prophylactic agent against abortion? If goats do not abort might it be possible to use the serum of the goat as a method of preventive treatment ?
Mr. LESLIE PUGH said he had been struck by the analogy which appeared to exist between contagious abortion as it occurred in cattle, and as it existed in goats. Dubois, in 1910, before any such action was discussed, stated that when the disease appeared in the first place in a clean herd, abortion occurred in from 60 per cent. to 90 per cent. of the cases, whilst in the next generation the percentage was much reduced, and in the following generation to that, although the animals were obviously highly infected, they did not abort, and that state persisted in the herd. This seemed also the case in the herds of cows in this country. But if pregnant heifers were imported from some other farm, then the abortion rate became very high. The analogy between Dubois' statement with regard to goats, and the experience with cows in this country, was a close one. It seemed likely that the urine of cattle might be a source of food contamination. Bang, McFadyean and Stockman held that the digestive tract was the commonest route of infection in the case of contagious abortion in cattle. Yet, it was a matter of common observation that even when cattle were isolated before the act of abortion took place, and were kept isolated till all uterine discharges ceased, it did not stop the infection spreading. It had been said in this discussion that the urine of infected goats contaminated the food supply, and he (Mr. Pugh) thought it was possible that the urine of cattle was infected before abortion took place, and that might be the explanation of abortion not being controlled in this country at the present time.
Mr. J. T. DUNCAN referred to a case of the Rhodesian type of undulant fever which he had examined during convalescence. The patient contracted the disease at Salisbury, Rhodesia, in January, 1924, and came to England six months later. The case presented certain points of interest: First, the symptoms, temperature chart and general clinical record were very typical of a mild form of the Mediterranean disease; secondly, the patient's occupation of butcher suggested a possible mode of infection directly from the cow; lastly, the causal organism-an apparent Bacillus abortus-was recovered by culture from the blood when the patient had been afebrile for more than two months.
The patient's serum agglutinated the homologous bacillus in titres up to 1 in 2,500: it also agglutinated in high titre various strains of Bacilluts abortuts and Brucella melitensis. Cross-absorption tests were carried out with the patient's serum, a rabbit serum prepared with the Rhodesian (patient's) bacillus, and a stock Brucella melitensis serum. The absorbing strains used were Brucella melitensis,-a strain recently isolated from a Mediterranean case, Bacillus abortus 80, and the Rhodesian bacillus referred to. (Brucella paramelitensis was also used but was found to be quite distinct from the other types). All of these three strains showed close serological affinities, but whereas the Rhodesian sera from patient and rabbit could be completely exhausted of their agglutinins only by absorption with the homologous bacillus or Bacillus abortus, and not completely by Brucella melitensis, the stock Brucella melitensis serum could only be exhausted by Brucella melitensis and not completely by either the Rhodesian bacillus or Bacillus abortus. A Bacillus abortus serum from a naturally infected cow, obtained through the courtesy of the Royal Veterinary College, could, however, be exhausted by absorption with any of the three strains.
Serologically, therefore, the Rhodesian bacillus appeared to be identical with Bacillus abortus, and to be distinct from Brucella melitensis. However, in view of the fact that the American workers, Feusier and Meyer, and Miss Evans, had described races of Brucella melitensis serologically indistinguishable from Bacillus abortus but differing in this way from other races of Brucella melitensis, one hesitated to accept, on serological evidence alone, the identity of the Rhodesian bacillus as a true Bacillus abortus.
A pregnant rabbit was inoculated intravenously with three doses of a living culture of the Rhodesian bacillus. Unfortunately it was not possible to observe the animal personally, but apparently it aborted about a week after the first dose. No other animal experiments were attempted, as it had been clearly shown that in their pathogenicity for the lower animals the abortus and the melitensis types were very similar, differing only in their virulence for particular animals.
Cultural and biochemical tests offered no trustworthy means of identifying a single strain, but it was noticed that on most culture media the growth of Bacillus abortus and the Rhodesian bacillus was much more luxuriant than that of Brucella melitensis or Brucella paramelitensis. On the alkaline potato medium recommended by Meyer and Shaw the abortus strains and the Rhodesian bacillus yielded a thick creamy growth with no pigmentation, while the melitensis cultures showed a thin growth with areas of pigmentation varying from chocolate brown to black. That this test was not altogether trustworthy was proved by the behaviour of one of the paramelitensis strains which resembled Brucella melitensis in some of the cultures and Bacillus abortus in others.
Biochemical reactions carried out with sugars, alcohols, glucosides, starch, urea, salts of organic acids, &c., yielded no means of identifying single cultures of either type.
The effect of variations in the reaction of the medium on growth was found to be the same for both types.
The lysozyme described by Fleming did not cause lysis or inbibition of growth in any of the cultures of Bacillus abortus, Brucella meliteusis or the Rhodesian bacillus. However, although no distinctive test for either type was found, it was noticed from time to time that minor differences occurred amongst the cultures: differences in the morphology of the organisms, of the colour or general appearance of the growth, or in the reaction of the media in which the organisms were grown. When such minor differences occurred in a set of cultures, it was always possible, without reference to the labels, to separate the cultures into two lots, one of which would be found to include all the abortus strains, and the other all the melitensis and paramelitensis strains. On these occasions the Rhodesian bacillus was always found amongst the abortus cultures. . In view of this and the serological findings, he (the speaker) suggested that the Rhodesian bacillus might be accepted as a type of Bacillus abortus which differed from the Bacillus abortus (Bang) of this country in being pathogenic for man. How this property was acquired had not yet been shown. He was informed recently by a Rhodesian farmer who had himself suffered from the local type of undulant fever, that his fellow farmers believed that the abortion bacillus was introduced into Rhodesia with English pedigree stock, and that epizootic abortion there is a disease of comparatively recent origin. If this was the case, it was conceivable that the passage of the virus from the English stock, which presumably possessed some natural resistance, into the more favourable soil provided by the wholly unprotected native African cattle, might lead to an exaltation of virulence and, perhaps, the development of new pathogenic properties in the bacillus. The value of this hypothesis was, however, greatly discounted by the discovery, mentioned in the very valuable contribution made by Mr. Bevan, just read, of naturally infected cattle in remote parts of the country far removed from any possibility of infection from imported stock.
Dr. H. H. SCOTT
said that Ficai and Alessandrini had recently reported two outbreaks of disease, one of fifteen persons, who had attended an aborting cow. Among these persons the disease resembled undulant fever ; the temperature, however, did not show the intermitting periods but was continuously elevated for a long time. From two of these patients Ficai and Alessandrini had succeeded in isolating the Bacilluts abortus. This organism resembled, morphologically and culturally, the Mlicrococcus melitensis, but they found that it could be differentiated by the following serological test, namely, if the patient's serum was diluted with distilled water instead of saline in the first instance, and thereafter with normal saline, an anti-melitensis serum would still agglutinate its homologous organism after being heated to 60°C., but not if heated to 65°C.; on the other hand an anti-abortus serum would withstand this temperature and even higher temperatures. If heated to 700 C. such a serum would still retain its agglutinating powers, though these were lost at 75°C. or over. This was a test which could be easily confirmed or refuted, and if it were found to be correct it would constitute an easy means of differentiation.
Mr. A. L. SHEATHER
said that statistics showed that in the majority of cases cows infected with contagious abortion did not abort more than once, although it was not by any means unknown that an infected cow raight slip her calf twice or even three times.
He gathered from what had been said that it was thought that an infected cow invariably aborted. This, however, was not the case. A very considerable proportion of cows, proved to be infected, carried their calves to full time. This fact complicated the matter of eradication of the disease.
With regard to the specific nature of the agglutination test he (Mr. Sheather) thought that caution should be exercised. While in India, he was in close touch with a case of glanders in the human subject, and the patient's serum gave a very high reaction to the Widal test.
There was no doubt that the main source of infection in contagious abortion waas derived from the cleansings and the discharge which were evacuated at the time of abortion. But it had been proved in America, in Australia and in this country that in about 30 per cent. of infected cows Bacilluts abortus was passed into the milk. Calves fed upon such milk became infected, but the infection was only temporary, and did not appear to lead to any degree of immunity.
It had been said that when contagious abortion gained entrance to the herd the first abortions took place at an early stage of pregnancy, and subsequent abortions at progressively later stages. This statement was not borne out by statistics, which showed that the majority of abortions occurred between the sixth and the eighth months.
With regard to the old superstition that the presence of a goat on the premises prevented contagious abortion among cattle, this point was almost always brought up at lectures given to branches of the Farmers' Union, but nowadays it was almost invariably treated as a joke. Antiserum had been tried as a prevention of contagious abortion, but without success.
Professor EYRE (in reply)
said that all appeared to be agreed that the Micrococcus melitensis had not yet been proved to be a bacillus; and he thought he could say that Colonel Kennedy was not likely to mistake abortus for melitensis.
He would like to know the result of blood cultures in Rhodesian undulant fever; also, he wished to know whether in cases of contagious abortion in cows, the animals excreted the organism in their urine. All the clinical information he had on the subject had been derived from books, some as recent as 1923, and he could not find any references to the examination of the urine in such cases.
The discussion had provided much food for thought, and showed that more work must be done and certain points cleared up, before a better understanding could be reached. He wished to draw attention to the tendency there was to make a diagnosis of identity upon serological grounds alone. Serological groupings were not all-important. N-COMP. MED., OBST., TROP. Dis. 3 *
